






















































































































































































































































































































































































































































































































In  addition  to  their  hardiness,  widespread  distribution,  and  ecological  relevance,  fathead 
minnows were chosen for several characteristics which make them particularly well‐suited for laboratory 
study. First,  their  small adult body size, approximately 4‐6 cm  length  (Landis & Yu, 2004; Ross, 2001), 
allows large numbers of minnows to be housed in relatively small spaces. Second, fathead minnows have 
rapid development from egg to adult under optimal conditions—4‐5 months (OECD, 2009; USEPA, 2002). 
Third,  minnows  have  well‐characterized  antipredator  behaviours  which  can  be  readily  tested  in  the 




vitreus) were  chosen  for  Study 1.  These  species were  selected because  they were deemed  species of 
concern  for  Lake  Lenore  by  the  government  agencies  involved  (A.2  Fish  test  species).  Juveniles were 
chosen not only because adults are  large‐bodied, and  therefore difficult  to maintain  in  the  laboratory 































































































































































































































Concentrations (ppm)           
Target total dissolved solids  250  1000  2000  4000  6000  8000  16000  
Actual total dissolved solids*  270  990  2070  4130  6070  8000  17600  
Initial mass (g) - no significant difference among treatments. 
Mean  1.7  1.6  1.1  1.5  1.2  1.0  1.7  
SD  1.3  1.0  0.7  1.1  0.7  0.4  1.2  
  
Final mass (g) - no significant differences among treatments. 
     
Mean  1.2  1.1  0.8  1.1  0.8  0.7  1.4  
SD  0.9  0.8  0.5  0.7  0.6  0.3  1.0  
    
Delta mass (g)    
          
Mean  -0.5  -0.5  -0.3  -0.4  -0.4  -0.3  -0.3  
  
Initial Length (cm) - no significant differences among treatments.  
     
Mean  5.6  5.6  5.0  5.5  5.1  5.1  5.4  
SD  1.0  0.8  0.7  0.8  0.9  0.5  1.0  
  
Final length (cm) - no significant differences among treatments.  
     
Mean  5.6  5.5  5.0  5.5  5.2  5.1  5.4  
SD  1.0  0.9  0.7  0.9  0.8  0.5  1.0  
  
Delta length (cm)    
            






Concentrations (ppm)           
Target total dissolved solids  250  1000  2000  4000  6000  8000  16000  
Actual total dissolved solids*  213  938  2030  3860  5560  7530  15400  
Initial mass (g) - no significant difference among treatments. 
Mean  0.7  0.7  0.8  0.6  0.7  0.6  0.7  
SD  0.1  0.1  0.1  0.1  0.2  0.1  0.1  
  
Final mass (g) - no significant differences among treatments. 
     
Mean  0.4  0.4  0.5  0.4  0.5  0.5  0.6  
SD  0.1  0.1  0.1  0.1  0.1  0.1  0.1  
    
Delta mass (g)    
          
Mean  -0.3  -0.3  -0.3  -0.2  -0.2  -0.1  -0.1  
  
Initial Length (cm) - no significant differences among treatments.  
     
Mean  3.9  3.9  3.9  3.8  3.8  3.8  3.8  
SD  0.4  0.2  0.1  0.4  0.2  0.3  0.2  
  
Final length (cm) - no significant differences among treatments.  
     
Mean  3.9  3.9  3.9  3.8  3.8  3.9  3.8  
SD  0.4  0.2  0.1  0.4  0.2  0.1  0.2  
  
Delta length (cm)    
            






Concentrations (ppm)           
Target total dissolved solids  250  1000  2000  4000  6000  8000  16000  
Actual total dissolved solids*  281  1030  2030  4120  5970  7980  16100  
Initial mass (g) - no significant difference among treatments. 
Mean  1.7  1.6  2.5  2.1  2.4  2.1  2.7  
SD  0.9  0.8  1.5  0.9  1.0  0.8  1.8  
  
Final mass (g) - no significant differences among treatments.  
     
Mean  1.7  1.5  2.4  2.0  2.3  2.0  2.5  
SD  0.9  0.8  1.7  0.9  1.0  0.8  1.6  
    
Delta mass (g)    
          
Mean  0.0  -0.1  -0.1  -0.1  -0.1  -0.1  -0.2  
  
Initial Length (cm) - no significant differences among treatments.  
     
Mean  3.9  3.9  3.9  3.8  3.8  3.8  3.8  
SD  0.4  0.2  0.1  0.4  0.2  0.3  0.2  
  
Final length (cm) - no significant differences among treatments.  
     
Mean  3.9  3.9  3.9  3.8  3.8  3.9  3.8  
SD  0.4  0.2  0.1  0.4  0.2  0.1  0.2  
  
Delta length (cm)    
            






Concentrations (ppm)                 
Target total dissolved solids   250   1000   2000   4000   6000   8000   16000  
Actual total dissolved solids*   270   990   2070   4130   6070   8000   17600  
Temperature (C) – all treatments significantly different.  
Mean   22.3   21.9   21.6   20.9   22.8   22.4   22.1  
SD   0.3   0.4   0.7   0.1   0.2   0.4   0.3  
  
Dissolved oxygen (%) – no significant differences among treatments.   
       
Mean   90.9   91.0   91.1   91.2   90.6   91.0   91.6  
SD   1.0   0.7   1.1   0.8   0.8   0.8   0.8  
pH (pH units) – all comparisons differ except 8000 and 16000.   
         
Mean   7.9   8.3   8.5   8.7   8.7   8.8   8.8  
SD   0.02   0.01   0.03   0.02   0.03   0.07   0.1  
  
Conductivity (uS/cm) – all treatments significantly different.     
       
Mean   417.97   1304.6   2431.2   4181.5   6250.0   7809.1   15564.8  
SD   11.6   33.6   97.0   85.7   204.4   147.6   373.5  
  
Total dissolved solids (ppm)** – all treatments significantly different.   
       
Mean   295.3   929.1   1740.8   3038.5   4369.1   5501.8   11041.7  







Concentrations (ppm)          
Target total dissolved solids  250  1000  2000  4000  6000  8000  16000  
Actual total dissolved solids*  213 938 2030 3860 5560 7530 15400 
Temperature (C) – 250 and 1000 different from all, 6000 different from 8000 and 16000, 8000 different from 2000 and 16000. 
Mean  23.0 22.5 21.7 21.1  23.1  22.6 22.4 
SD  0.4 0.5 0.8 0.2 0.2 0.3 0.2 
Dissolved oxygen (%) – no significant differences among treatments.   
    
Mean  93.1 93.5 94.0  94.1 93.7 94.0 94.1 
SD  0.4 0.5 0.3 0.3 0.3 0.4 0.3 
pH (pH units) – all comparisons differ except 8000 and 16000 differ significantly. 
Mean  8.0  8.4  8.6 8.8 8.9 8.9 8.8 
SD  0.0  0.0  0.0 0.0 0.0 0.0 0.1 
  
Conductivity (uS/cm) – all treatments significantly different.  
    
Mean  345.2 1257.8  2384.4  3976.6  5650.7  7231.2  12885.9  
SD  3.9  13.5  43.8  66.0  194.6  178.1  137.6  
  
Total dissolved solids (ppm)** – all treatments significantly different.   
    
Mean  240.5  885.3  1706.0  2877.6  3933.0  5072.2 9088.3  







Concentrations (ppm)          
Target total dissolved solids  250  1000  2000  4000  6000  8000  16000  
Actual total dissolved solids*  281  1030  2030  4120  5970  7980  16100  
Temperature (C) – all treatments significantly different. 
     
Mean  22.1  21.7  20.8  20.1  22.6  22.0  21.9  
SD  0.3  0.5  1.0  0.2  0.4  0.3  0.5  
Dissolved oxygen (%) – no significant differences among treatments.   
    
Mean  91.5  92.0  93.0  92.9  92.3  92.6  92.2  
SD  1.2  0.5  0.6  0.5  0.6  0.3  1.0  
pH (pH units) – all comparisons differ except 8000 and 16000 differ significantly. 
Mean  8.1  8.5  8.7  8.9  8.8  8.8  8.6  
SD  0.1  0.01  0.01  0.01  0.1  0.01  0.2  
  
Conductivity (uS/cm) – all treatments significantly different.  
    
Mean  284.3  944.2  1663.8  3016.7  4216.8  5320.7  9411.8  
SD  16.5  32.8  54.7  118.2  100.9  144.0  193.8  
  
Total dissolved solids (ppm)** – all treatments significantly different.   
    
Mean  275  929.1  1740.8  3038.5  4369.1  5501.8  11041.7  















































































































































































































































































































































































































Treatment Group  1000  4000  8000 
Conductivity (µS/cm)  1464 (1)  4257 (11)  7610 (29) 
Dissolved Oxygen (%)  87.3 (2.3)  87.4 (1.8)  87.9 (2.2) 
pH (pH units)  8.3 (0.1)  8.7 (0.1)  8.6 (0.1) 
Temperature (°C)  23.9 (1.1)  23.7 (1.1)  23.5 (1.1) 
TDS (ppm)  1067  4037  7783 




















































































































































































































































































































































































































































































































































Treatment Group  Control  1000  4000  8000 
Conductivity (µS/cm)  482 (11)  1650 (79)  4829 (242)  8287 (506) 
Dissolved Oxygen (%)  81.5 (4.2)  77.5 (4.8)  79.8 (4.9)  78.5 (5.0) 
pH (pH units)  8.0 (0.1)  8.0 (0.1)  8.4 (0.1)  8.4 (0.1) 
Temperature (°C)  27.8 (0.3)  29.2 (0.7)  29.2 (1.0)  28.9 (0.8) 
Sum of ions (ppm)  303  997  4140  8230 






































































































































































































































































































































































































































































































































Pilot Study  ps1  ps2  ps3  ps4 
Male length (cm)  4.4 (0.4)  4.8 (0.3)  4.7 (0.3)  4.9 (0.4) 
Male weight (g)  2.1 (0.6)  2.5 (0.3)  2.4 (0.5)  2.4 (0.9) 
Female length (cm)  3.4 (0.3)  3.6 (0.2)  3.6 (0.2)  3.7 (0.3) 














































































414  1136  ‐‐‐  384  1078  ‐‐‐  395  1111  ‐‐‐  388  1123  ‐‐‐ 































































































































































































































































































































































































Rearing tank  7.TW  8.TW  7.1000  8.1000 
Length (cm)  2.7 (0.3)  3.8 (0.4)  3.1 (0.4)  3.3 (0.2) 














Treatment group  TW.W  TW.AC  1000.W  1000.AC 
Length (cm)  2.8 (0.4)  2.9 (0.4)  3.1 (0.4)  3.2 (0.4) 























































































































































































































































































































































































































































































































































































































































   250ppm 1000ppm 2000ppm 4000ppm 6000ppm 8000ppm 16000ppm 
Sodium Carbonate Na2CO3  0.0451 0.1805 0.3611 0.7222 1.0833 1.4444 2.8887 
Potassium Chloride KCl  0.1038 0.4153 0.8306 1.6613 2.4919 3.3226 6.6452 
Sodium Bicarbonate NaHCO3  0.3153 1.2614 2.5227 5.0455 7.5682 10.0909 20.1819 
Magnesium Sulfate MgSO4  1.3198 5.2792 10.5584 21.1169 31.6753 42.2338 84.4675 
Calcium Sulfate Dihydrate CaSO4*2H2O 0.1279 0.5117 1.0233 2.0466 3.0699 4.0932 8.1864 
Calcium Chloride Dihydrate CaCl2*2H2O 0.0185 0.0740 0.1481 0.2961 0.4442 0.5922 1.1844 
Sodium Sulfate Na2SO4  0.3508 1.4031 2.8063 5.6125 8.4188 11.2251 22.4502  
